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Oxvch 1 rine t rift uo ride (cliI' 0) has be en synth es i zed by SV
3

eral methods. Excellent yields were obtained by the fluorina-

tion of either Cl.O or ClINO, both alone or in the presence ofr.

an alkali metal fluoride. Lesser amounts of ClF 0 resulted
3

from electric discharge fluorination of solid Cl 0 and the sim-
2

ple fluorination of NaCl0 2 , and of a mercury salt.Cl 2 0 complex.

Basic physical properties and analytical data for CIF 0 were

determined. The compound has a boiling point of 29.4 t-1.0 C

and a melting point of -66 t1-.o C with a density of 1.90 ±0,05

g/cc at 25.5 C. The vapor pressure/temperature equation from

-22 to 32 C is described by logl 0 p(mm) = 8.433 - 1680//T. In

addition, CLF 3 0 showed good thermal stability in None].

Unlike other pentavalent chlorine fluorides, ClF 3 0 exhibits

marked complexing ability with both acidic and basic fluorides,

Among the latter, complexes with CsF, KF, FNO, and FNO,2 iere

investigated. Acid fluorides btudied included AsF,9 BF3'

PF-, and SiF

On several occasions, pyrolysis of the solids from fluorina-

tion of the CsF.GlO) complex yieldced traces of an unknown

species (Compound C) which may be FCI0. Alternate syntheses

were sought to achieve enhanced yields of Compound C. These

included metathetical displacements on the iu-pyrolyzed solids

using ClF 3 and fluorination of the CsF.CI 00 complex under

milder conditions. Thermal degradation and chemical reduction

of iF 30 were also checked as potential routes io Compound C.

R-6641 v
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Alkali metal fluorides were found to complex with Gi 0. Tilhese

repiesent a new claps of compounds. The most thorough investi-

gation was with CsF where a stoichiometry of CsF.I.5C12 0 was

established. Possible bonding schemes are discussed.

The preparation of ClF-0 was attempted by reaction of F 2 with
J2

CIF 0 in the presence and absence of CsF and also by reaction

of KrF with C1F 0. No new compounds were observed.

A new procedure was developed for the synthesis of Cl 20. This

method uses simple, static conditions rather than flow condi-

tions. Maximum conversion of the starting materials results

according to the equation:

2Ci 2 -1 igO 10 Cl 2 0 + HgClI

Improved techniques were developed for the formation of BrNO3 .

Bromine nitrate and Br 20 were employed as precursors in

attempts to produce oxybromine fluorides.

The reaction of C10 0 and AsF_ was examined and fuund not to
D

proceed as indicated in the literature. Oxidation and reduc-

tion of the Cl 0 occurs giving Cl and probably CIO6%sF

(Confidential Abstract)

vi ONR-66, 1

CONFIDENTIAL



CONFIDENTIAL
M41pclb n-vr ,w11N_ A roIVINION OFs NOPRTH AMER[~CAN AVIA~iDN !NC

Foreword . .. *

Abstract iv

Discussion ............ . .... . ....... 1

Florox Studies ......................... ... ..... 1

Possible Syntheses of Chlorosyl Fluoride ............... 14

Alkali Metal Fluoride - Ci 0 Complexes .. .............. 21

Attempted Synthesis of Oxychlorine Pentafluoride. ...... 24

A New Synthesis of Cl20 ..................... ...... 25
Fluorination of Br-0-X Compounds . ................. 28

Reaction of AsF- and Cl0 . . ...................... 30
2

Experimental Details .. . ........................ 33

Synthesis of Florox. . .. . 33

Preparation of C1.0 ..... 36

Preparation of ClNO... ..... 37

Low-Temperature Infrared Cell. . ....... . . .. . 37

Preparation of KrF •9

Preparatior of BrNO. ..... ..... .. 39

Reaction of Cl 0 and AsF. .. ........ . ... 39
2DI

References ............... ..... ............ 41

R-6641 vii

CONFIDENTIAL



--- --- ---

C ONFIDENTIAL

I 111 USM'1¶ATI O0S

1. Compound C + SO F2 .. 15

TABLES

1. Synthesis of Florox . . . . . . . . . . 1 .

2. Preliminary Properties of CIF 3 0 . . . . . . .. 6

3. Thermal Stability of ClF0............. .......... 73
4. Infrared Absorptions in the FNO-CIF O System.. . . ...11

5. Pyrolysis of CIF.O .................. .......... 18

6. Conversion of Cl 2 to C 2 0 Based on 2Hg0 +

2C12 - Cl10 + Hg0'HgC12 .  ..  . .  . . . . . . . . .. 26

7. Conversion of HgO to Cl 0 Based on HgO +
2

2C1 = Cl 0 + HgC1.. .. . . .. 26
2 2 Hl 2.. . . . . . . . . . . . . . . . . . . . . . . . 2

8. Vapor Pressure-Temperature Data For ClF.0O •..... . .. 35
9. Dissociation Pressure-iemperature Data For FNO.C1F 0 . . . 38

3
10. Dissociation Pressure-Temperature Data For SiF' 2C1l.O 384)

R43641 ix

CONFIDENTIAL



CONFIDENTIAL

DISCUSSION

FLOROX* STUDIES

The preliminary characterization of Florox has been completed and entailed

the determination of the chemical composition, some spectral data, several

physical properties, thermal stability and some chemical attributes, In

addition, its synthesis from several starting materials was uncovered.

Preparation of Florox

Synthesis from C120. Oxychlorine trifluoride was first synthesized by

fluorination of G120 (Re;. 1) both in the presence and absence of added

alkali metal fluoride. The results of additional preparative runs are

presented in Table 1. (A complete description is found in the Experimental

Details of this report.)

TABLE 1

SI J'NESTS OF FLOROX

Alkali Metal Fluori 'e Percent Yield Si'Ie Products

Csl 82 F•C10 2 , ClF 3

RbF a25 F•I0,), ClF3

.KF 43, 29 FC102, CIF3Y GIF

NaF 73, 81 FCIO 2, CIF

None 39, 65 FC010 2, ClF, CIF3

*Unclassifjed designation for IP 30.

R--6641 1
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The Variation in yields caused by different added alkali metal fluorides
i3 not fie cvnia.lily significant because of the difference in yields9 in

afpapi-e:itly identical Preparations (particularly during CsF experiments

where the most data have been gained).

Fluorination of Chlorine Nitrate. After Cl,0), the best characterized XOG1

compound is chlorine nitrate (C1ONO 2 ). Preparation of C1N0 is accomplished

by reaction of C1 2 0 with either N 0 or N 0 (Ref. 2). Low-temperature
*24 2 5

fluorinations were conducted on both the cesium fluoride-chlorine nitrate

complex and on un'-omplexed chloriue nitrate.

On exposure of chlorine nitrate to cesium fluoride at -80 C, a slow lowering

of the vapor pressure was observed indicating some complex formation. The

reaction wos reversible because chlorine nitrate could be removed by warming

and pumping. The GsF-C1N0 3 complex was treated with excess fluorine at

-80 C for several days.

After removal of the exces6 F,2 at -196 C, the products volatile at ambient
temperature were principally FNO2 and some FC10 with one case of HN10 and

N.\-,O- contamination. No further volatiles were evolved even after 4 weeks.

ecou.i•i not all of the starting rnterial .as accounted for, the residues

were hacited to drive off any complexed CIF compoin-ds, in a manner analogous

to I'.,hat use for }obtaini•ng pure CiF_ from KF.KClF, (Ref. 3). Colorless
.)

gas•,s were evolved and these were found t8o be composed principally of CIF 0.
3.

Much smilier amouits of FNO,2, FClO10 , and CiF were also obtained. The yield

of CIFO0 based on chlormne nitrate, ranged from 36 to 95- percent except in

on, reaction wherIin previously used CsF was employed and no ClFO0 was found.

Complexing of CGNO- with CsF at -18 C prior to a -80 G fluorination was

R-664 1
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also tried succe-sfully. In hig1h-yield reactions, nitryl fluoride was the

only by-product, thus confirming the postulated reaction sequence:

C10N'J- 0. C• -8 to -18 C CsF.CXON0 2

-80 COsF.01ONO 2F' Cos ClIP. 0 . FSO2 22

Cs ClF4 0 CIF 010 + CsF
3

It is also noteworthy that the CiNO employed in the highest yield reaction
-3

was contaminated with NO2. The NO2 impurity had no detrimental effect other

than to consume fluorine in being converted to FN 2 .

It was also of interest to utilize chlorine nitrate as an intermediate for

the preparation of FCl0. Accordingly, a reaction was attempted using uncom-

plexed CiN0O and F at -S0 C. After several days it was found that Florox
3 2

was formed in 84-percent yield:

CIONO -2F2 ClFF0 +FN3

Thus, while no FClO was obtained, it has been demonstrated thau the use of

CsF is not essential for the formation of Cli3 0 and two steps of the previous

reaction sequence, complexing and pyrolysis, to liberate ClF.0, were elimi-

nated. The necessity of alkali metal fluoride catalysis in the Cl00 fluori-
nation has also been disproved as shown in Table 1. However in both these

preparations of CIF 0, the possible catalytic effect of"bomb fluorides"has
3,

not as yet been excluded.

R-6641

CONFIDENTIAL



;UNHU'IU NIIAL
n Vi YSCN OF NOCRTH AMAERCAIN Alv.ATIC) 'N

Fluorination of Mercury SaltCloO Complex. Tile synthesis of CIF 0 from
- 3

G1.0 generally requires the separation of pure Cl2 prior to fluorination

and in this state Cl2 0 has on two occasions exploded. A possible alter-

nate procedure to bypass this step was attempted. Thei 'static" method of

preparing Cl, 0 indicated the formation of a complex between the Cl 0 and
2

the residual mercury salts. A decrease in the vapor pressure of Cl 0 was
2

observed as well as incomplete C100 removal from tihe salts at -80 0, Pro-

ceeding by broad analogy with the CsF.Cl20 complex (discussed elsewhere in

this report), the preparation of 01F3 0 or other new F-CI-0 species was

attempted by fluorination.

IlgCl,2.C 2 0 - F2  41 ClF3 0 - CIF3

It has been found that this fluorination gives CIF 30 in poor yields. The

principal products are CIF and F010,0 with some CIF_ and occasionally some
3 90

of the suspected FCl0. In addition, the formation of ClF 0 was not repro-

ducible. Early during these experiments it was suspected that moisture

originally present in the HlgO might have had a deleterious effect on the

desired reaction. However, vacuum Irying of the HgO before chlorination

and fluorination did not change the results other than to eliminate 11F as

a product.

Electric Discharge Fluorination of Solid C1 0 . Early during this program

(ltef. 1) , the use of electric-discharge-activated fluorine was attempted

in reactions with solid C12 0 at -196 C to synthesize CIF3 0. At that time

it was observed that some ClF_ was found but no CIF 0, This reaction was
D 3

re-examined using recirculated fluorine in a closed-loop .ystem at low

pi'essures rather than the simple flow through methoL. As e-.pected, a much

more efficient fluorination was achieved. The yeld of CIF_ was approxi-

nmatelv 45 percent (based on 2CIF_ for each C]20). In addition, small quan-+ 3

tities of ClF 0 were found along with some CIF and much FC0)2 .
3 3

R-664+ 1
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Theref ore , with the inc or porati on of th is improved toechnique ,the generalIutility of -tho e loctric disolhalgkc Al~aur i'i1tiUn FrOCUSS 11a 0i oe improved

and maide much more. efficient. Also, it is expected that this activated

gas, solid reaction method might now be employed to demonstrate the synthie.
sis of other higfily fluoriniated species, in particular ClF-O.

ClF0.- F* -196C G__wCIF3 2D

Fluorination of Sodium Chlorite. In an attempt to synthesize oxychiorine

fluorides, the static fluorination of sodium chlorite (Na01 2 ) has been

studied, Although preliminary experiments gave as products small amounts

of CiF 30 and Compound C subsequent runs gave neither of these products.

Other products from the fluorination are Cl., CIF, OlE3  FC10 2  and 02

Oxygen, Cl 2' and FC10O are the principal products suggesting the following

two reactions:

NaC1O + F - w SaF FC 10
2 2 2

2NaClQ - F -@P2aF - Cl -2 02 2 2 2

The fluorination is vigorously exothermic both with liquid fluorine at

-196 C and with gase~us fluorine at -78 C, accounting for the variety of

products and the reduction of chlorite to chlorine despite a strongly

oxidizing fluorine atmosphere B~ecause of the original synthesis of

CIF 30 and Compound C by fluorination of NaClO 2, the fluorination of potas-.

sium perchlorate (KIOlo,) have been studied, In both cases, FC10O2 and FC103
were formed instead of the desired products,

R4-641 5
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Physical Properties

Preliminary physical characteristics of CIF 30 were reported previously

(Rief. 1). Current data are shown in Table 2.

TABLE 2

PRELIMINARY PR1OPERTIES OF CIF 0

Melting Paint, C -66 ±1.0

Boiling Point, C 29.4 ~-1.0
Molecular Weight

Found (Vapor Density) 105

Calculated 108.5

Vapor Pressure Equation log1 0 p(mm) =8.433-1680/"T

Molar Heat of Vaporization, kcal 7.-7
Trouton Constant 25.4

Density, gicc at 25.C 1.90 ±0.05

Vapor Pressure/Temperature Relation, The vapor pressure/temperature equa-

tion of oxychlorine trifluoride was determined from -22 to 32 C at nine

temperatures. A least-squares fit yielded thie equation log 10 rJ(mm)

S.4 33 - 1680, 1T. The normal b~oiling -point of 29.4 C, the heat of vapori-

zation of 7,7 kcal'/mole and the high trouton constant indicate a fairly

.associated liquid.

Density Measurements. Tfhe density of oxychiorine trifluoride was deter-

mined in two ways using a JKel-F pycnometer. A known volume of liquid was

weighed and gave densities of 1.89 and 1.91 g./cc at 25.5 :1I.0 C. The

6 R-6641
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quantity of gas from a I nown liquid volume was determined and converted

to C1F3 0 veight, using 108.5 as the molecular woight.. This ;..'eight cor-

responded to a liquid density of 1.95 g cc at 23 C and 2.Oh gcc at 18 C,

The diirect method not only gave rnire teprodcib 10 u1a than the gas vol-

ume method hat allowed calculation of the sample purity by molecular

weight as well (105 vs 108,5 theory). Insufficient data were obtained to

establish a quantitative dependence of density on temperature,

Thermal Stability of Oxychlorine Triflueride. Samples of CIF 0 were

heated in stainless steel and Monel for periods of 16 hours, Cesium

fluoride was added to the stainless-steel cylinders. The runs in Monel

were carried out in the presence and absence of fluorine. The data pre-

sented in Table 3 show the percent of C1F3 0 recovered.

TABLE 3

flIALMAL STABILITY OF CIF 0

3

Recovery of
Duration, Temperature, Other Material C1F 0

Container hour's C Present percent
Stainless Steel

(five rims) 16 200 CsF 0

Mone 1 16 70 FI it I

2 87
I'one l 16 0o F 2

Monel 16 200 F2 63

Monen 16 200 F2) 66

Monel 16 284 F2) 70

Nonel 16 290 None 63

Monel 16 200 None 67

R1-66141 7
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The absence of monotonic results indicates reaction with the container to

be more important than thermal degradation. There was no evidence for

equilibrium reactions involving CIF 3 0,

Elemental Analysis of Oxychlorine Trifluoride

The combustion of CIF 0 and anhydrous ammonia in glass gave nonreproducible
3

results. Metal Teflon reactors were more successful and the following ana-

lytical results were obtained: Calculated for ClF3 0: Cl, 32.7 percent;

F, 52.5 percent; found: Cl, 30.8 percent; F, 49.5 percent. The low results

were attributed to 88- and 94-percent material recovery based on initial

CIF 3 0 ga• volumes. The fluorine-to chlorine ratios for the recovered mate-

rial were 2,97 and 2.99, respectively.

The determination of oxygen in C1F.0 was attempted directly by the reaction:

41-g + 2ClF 0 = lgCl- 3HgF 0 -V 0,
3 2

Incomplete oxygen release was observed so an indirect method was tried using

sodium chloride:I

2ClF,0 + 6NaCl = 6NaF - 0O - 4cl2

Although the theoretical ratio of chlorine to oxygen was four, ratios from

two to eight were obtained by gas/liquid chromatography. More satisfactory

results were obtained when NaCl was reacted at 200 C and the oxygen volume

was obtained by pumping the oxygen gas at -196 C with a Toepler pump. The

following analytical results were obtained: calculated for CIF 0: 0,
3.

14.7 percent; found: 0, 12.3 percent.

8 R-6641

CONFIDENTIAL



CONFIDENTIALI
E! A 2 1 1C N OF N 0 14 T A A C CA N A V A 0 N 7C

Another mrethod of chliorine anti oxygen analvsis became available. when it.I ~ ~~~was oh -I'ved thait. onychllorinc tril aVi, , utt 6 Wit jil(t ins ido surlII I:ce

of a stainl';ss-steel c%- inder at, 200 C To give o gas mixture colittaiiili~gI unhv chlorine and oxygen;

200 C
2ClF' 0 +M Cl -0, ..- MF

16 hours 2 2 bf

Thiring four runs, CIP -0 was heated to 200 C in thle presence of GsF for a

minimum of 16 hours. Thle condensible gas was measured and compared to

the amount of reacted CIF 3O0 on a molar basis.

The following analytical results were obtained: calculated for Cl 2/" CIF 30:

0.50; found: 0.50, 0.59, 0.48, and 0.49.

The nature of the reaction was confirmed by massetom2tric analysis of

the volatile products of at fifth reaction: Cl, 59.9 mole percent; 0.,

40.1 mole percent. The relatively low oxygen conrtent was not unexpected

because of thle possibility of oxide formation from ClF 0 at 200 C.
3

In summary, it has been shown that ClFO0 is monomeric in tile vapor, phase

while somewhiat associated as a liquid. The molecule has been demonstrated

to have a fluorine, chilorine ratio of three and it chlorine oxygen ratio of

one and only one chlorine per molecule. Together these andl other phy)sico-

chemical data presented herein establish the material as ClL.0.

R-664 1
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Stability of Flor ox in ILydrogen Fluoride

At least two instances of nonexplosive decomposition of CIF 0 have occurred3
at. Rockoidyne in loading stainless-steel lines which, except for possible.

lit' contamination, wore considered passive to Gill' 0. Therefore, tile possi-3.
bility of hydrogen fluoride catalyzed decomposition or reaction with thle

mptal was examined by adding substantially anhrydrous ILf to CiF 0 in stain-3
less steel arid in Ke]-F containers. No lass of CIF 0 was observed by in-

5
frared analysis in thle gas phase, no other compounds being observed besides

the CiF 0 and HF even with a tenfold excess of 11F at room temperature, Con-

sequently, CIF 0 is stable in HI and the observed decompositions have been

attributed to nonpassive line connections,

Thle Amplioter ic Blehavior of Oxychiorine Trifluoride

Oxychlorine trifluoride has been found to complex with both acidic fluo-

rides and basic fluorides. It is markedly different in this regard from

thle other -two pentavalent chlorine fluorides, FClO2 and ClF, which appear

to have little if any affinlity for cesium fluoride (Ref, 4 and 5), althoughi

workers at Pulinsalt (Ref. 5 and 6) report FClO and G1F_ complexes with the
2

less basic fluoride, rNO0,.

Reaction widIi Fluoride Bases. The acidic behiavior of oxvchlorinc trifluo-

v'ide has been demonstrated by its complex formation with CsFj HE, FXO, and

ENO,, Lile GlE 0-EN0 cowplex has been investigated by low-tomperature in-
2 3

frared, n~m.r. , and vapor pressure-temperature studies. The CiF 0-FX0O

sy'stem shiowed at definite reduction in vapor pres-ure but has not been

studied quantitatively. Tile evidence obtained from a low-temperature

10 R-6641 1
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I11f I'iL I V II VCl' s L t~LfL LI U I1 0o i lt-e f">N J-h;I-.,j o I til( 0,1.1) 1cx pitv ji L.(Ire i n I

ai Sdjtj~timl .-ý illi ~ j~ i i' ý uo lt' tit. -Li oi~iu m iin ji mug i j'i -ill ' Ii IIPi z

INFIkIL\WD.\BsoiterIONS IN TiHE FN0-C1F o SYSTEM

Temperature, ____\irtoc

Sample C OF? 00 NO N NF

COF 0 A10)i ent 67!, 12 25) -

3I

NOAmib i nt -- ' w0 763

CIFI0-ENO Axibieont 6 70 1225 1831 0 763

3

CFNO -196 6810 1?0--

INIO-ciF 0 1()( Broad 1230 -0')01 ?

Thc CII .0-1EX conmt4 ex was iorrit'd by toluil zi Sl iglit U xc o of IWO) to (21110,

CNyClinig the rixture between -80 tind 09 U2, and( remroving c Nc(55 ENO by su~c-

cC -iS iVC exiaflsiion-; o -8.0 C.....0 Arsstr-ttie11.tl I V WIs 00l-

tained for thio corrnplcx fvom -bU o o 0; 1 (or 1)(riw It -i025'; T f1rui

tile a bove e qutlfion anid thle Iiau CofL ) v~lpor i at oi f of the sepitra e 1liquid(

constituents I hecar, of reaction hiotween 1NO( 1 and (A1K.0(I) wasa cal ciii -

at od as o ~ipro\1im'te ly -5 Icc il med o of c o:j dlo x. Thi ii l ow nc tral i%-~(' enthal -

I~y of react ionl suggrest ud at w euid Comple III in gre emem. ' 1 tO the intro ro'(d

data of the so lid c omit ox. Alfter Ihe c ompilex wt4Iý p)unlpd on at, - 80 C for

P-66241
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1 hour, an infrared exurcination of its volatile components suggested a

1:2 complex .NO.2CIFO. However, prolonged pumping at -80 C resulted in
.) _

tile loss of additional FMO.

The stretching frequencies for NO and ClO in solid FNO and solid CIF 3 0,

respective l, each increased compared to the frequencies observed in their

gas-phase spectra. This suggested that contribations from species such as

N0"F- were increased slightly. On formation of the solid complex, the 010

frequency was decreased and broadened. These observations suggested a

partial transfer of the fluoride of FNO to 1F3 0 thus increasing the NO

bond order while reducing that of the C10 bond. The N-F band in the solid J

was either past the ).._trument range of 15.0 microns or too weak to be

observed.

19
The I' n.r.r. of the .NO-C1IF 0 systern at 26 C and at -77 C showed only a

single broad line 40 ppm downfield from ClF 30 itself. Addition of a fluo-

ride to C'F 0 would be expected to shift the F19 resonance to higher fields
.3

because of increased shielding in CIF 0 The observed result, while not

inconsistent with a contribution from ClF 0-, shows that exchange between

the NT and elF fluorines prevents a moaningful interpretation.

Evolution of CF 30 from CsF-containing solids was achieved by pyrolysis

and suggested the presence of tihe salt Cs'CllF 0,. The complex CsF.CF 30

mvt be formulated as Cs C1FO- by vii-Luu of its relative thermal stability

and analogy with other alkali metal fluoride~interhalogen fluoride salts

(Ref. 7). This salt represents the first example of a stable pentavalent

fluorinated chlorocentro anion. While the formation of the CsFClF3 0 com-

3)plex" in situ was established during the course of the reaction of C1N0 3 ,

it was not known whether it could be prepared directly froml ClF 0 and CsF.
3

12 R-6641
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Exposure of CFiO to fused and freshly powdered Cs.F at ambient tumPerat, ure

overnight resulted in almost complete cornplexing C1F U with only SmI I

amounts remaining in the gas phase. Pyrolysis of the sijiids led Lo tvulu-

tion of CIF 0 of good purity, demonstrating the reversible reaction;

CI - csr *R.T. \cs.clFO-

The stoichiometry of the complex was indicated by an experiment using care-

fully measured amounts of CsF and CIF 0. With an excess of the latter, an
experimental composition CsF31 .I0 was obtained, This composition is

reasonable close to a 1:1 complex, especially considering the problem of

solid/liquid contact.

Further siudies of the CsClF O complex showed that ClF.O could be displaced

from the complex by using another acid. Addition of CIE to CsClF 0 at

ambient temperature liberoted CIF 0 according to the equation:
3

c3E (g) + CS+CI -(S)-- CsClF.(s) + Cire 0

This confirms ClF to be a stronger Lewis acid than CIF 0 toward Csf.

Reac:tion With Lewis Acids. The. ability ef oxychiorine t,-,fluoridlc to fern:

complexes wit:h acidic fluoride has been demonstrated wit•" :AsF, BE:3 PE.., and
3 3

SiF4 . A nonvolatile equimolar adduct was formed with . The BFI complox-) )

of CIF_0 was formed as a 1:1 complex with CIFO which had leso; than 20 urn If,,

dissociation pressure at ambient temperature. The solid dissociatod in the

gas phase and the spectrum of the gases matched ihe spectrum of equal amount~s

of the separate components. The low-temperature infrared 5•p4trtltl of the

R-6641 13

CONFIDENTIAL



• :_=-=.. .. . . . . . . .- . . . .. .. .-_ _- . _ . . .. .. . ..... ..

CONFIDENTIAL
4:30 47 1W 12'' 1Wl ' j 0% 0 N .0VT A.,WRI CA N A V A T I N

: _•3 0 ' 5 soli ,d com pl ex rh o .w 'd a broa d absorpt io n in L hie 1"F6 r eg ion i t!
-i

addition to bands atmributed to F-.. Two strong nbsorptions at -1315 cm
-1 2I and Cand -1465 cm suggeste:d the existence of 10 and Cli O arising from

FCIO,,, a known impurity, and C1F 0, respectively. The CIO abs)rptionls

for solid FC10O and CIF3 0 occur at 1280 and 1250 cm-, respectively and

should shift to higher energy with fluoride removal. Ilowever, assignments

of bands to G1F 00PF - are not possible with the available data. A less
2 6

stable complex was form3d when CIF 0 and SiF were mixed. The vapor pres-

sure of the 2:1 CIF O-SiF, mixture was m~asured at several temperatures

between -SO and 14 C. The vapor pressur" -1emperature equation for the

com~plex was obtained: log1 Op(mxn) =7.75 - 15/. The enthalpy change
associated with: the process SiFjk (s) - 2C1F 30(l) = Sir 4'2C1F 30(s) was esti-

".':Iatd at -2 kcali mole of complex. Successive portions of the compleN were

volatilized at -23 C. Their infraied spectra showed a constant ratio of

CIF 0 to SiF, of 1.9 based on their absorbance ratio. A low-temperature

infrared spectrum of the solid complex SiF4 .2Cl 30 was ident,;cal with the

composite spectrum derived from the separate solids within experimental

error. Thus, confirmatory infrared evidence on the nature of the complex

was not obtained.

POSSIBLE SI.ILESES OF CIILOROSYI FLUORIDE

Pyrolysis of the nonvolatile solid formed by low-temperature fluorination

of the C]2,0-CsF complex has, on at least three occasions, yielded CIF 0,
3,

CIF and traces of an unknown species (Compound C). Compound C is volatle,

being only partially trapped at -142 and -160 C in attemtped purification

by fractional condensation. Two bands in the rock salt region were ob-

served and arc indicated in Fig. 1. Additional bands were noted at 645,

CONFIDENTIAL
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()30 61 0 a poI ý it 1110 "q r). ind poss ib hIy att46 cm . Th js unkcnown "ixi be

~nw,(' )ompoilnh i' L.: FFif PC w l1 IV jiluý beL 11Q10. '141s 4pee 1,T omet r

o x, wi na ion (if ai 5;.U0iflo) containing the' UnknOiwn yielded no strulctulral

intformal I io 1.

liecat isec o nlIy i ra ce s o f t le new nit) er ia I we re f ound i n thle pyo 1y is Is, Se N-

eral noew approaiches hove keen utilized in the search for FC1O some of which

have produced traces of Compound C,

If (fie material , presumed to hc chiarosyl fluoride, were present as ci comn-

p tcx such as (sFJ1C0 and 1liberated by r-rolys is metathetical displaocement

by ('i1' night ovoid possible thermal decompos it ion. Three displacement

at. LepL S pIn aeic no. UCCOSS f t11

LCOSr010] + CiF CsC1F4  FC10
2 3

Because thle desired FC10 way be strongly complexed, even by iff, it was

decided to explore the synthesis of FClO from fluorination of C1 0 both
2

in the presence of NaF' and in the absence of any alkcali metal fluoride,

Instead of producing FC1O, hiowever, the low-temperatu-re fluorination of

Cl 00 in both cases gave good yields (described elsewhere in this report)

of CiF 30.

The concomitant presence (or' absence) of CIF suggested synthesis of the

unknown and CiF by a simultaneous degradation of Cs + GF 0O and Cs-ClF

complcxes. Routine fluorinations of thle Cl 2 .CsF complex to CIF 30 and

CIF 3have utilizedI 3:1 F0):Cl 2ratios. Intentional underfluorination to

FC10 and CiF would require a F 2 Cl 0 ratio of 1;1 according to thle

equat ion:

CsF-Cl 0 F - FC10 - ClF-CSF
2 2

CONFIDENTIAL 
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Thle "incompletc' fluorinat ion at -78 C, yielded ClIF.0 and Mile.1 IM!'Keatvd Cl
but only traces of tile unknown. Apparently once the 01 9 0-CaF ý;omplox wc..S

initially attacked by F2 the chlorine was oxidized all the way to CIF 0
2' 3

and CIF.

Another approach to the synthesis of rcio involves reaction of CIF 0 with

appropriate reducing agents, These might include C1 0~ C12 and CIF.

With the reducing agent C1 0, FClO could arise as an oxidation product as

3 2

A series of reactions between Cl 20 and both CiF 30 and itb CsF complex were

run in varying reactant ratios at ambient temperature and at -18 C, En all

cases the products were ClF and FC10O in an overall reacdion best described

by:

Cl 0 ' vCl 2 B SI CF + FC102 sl 4O b C~F--C 2

It is possible that thle sequence involves formation of the desired FCl0

followed by its disproportionation:

Cl 0 + CsClF 0 o.--- CsClF -2,- 2F2 4 2 -CG

*-2FC10 -C1 F~ 2 + CIF

If the intermediate P010 were generated, in no case was it stabilized

through complex formation with Cs.f. With Cl no reaction was observed

at ambient temperature with either ClF 30 or its CsF complex. It should

be noted that the ClF generated during tthe Cl 2 0 experiments also failed
to prodace FClO by reaction with CiF 30.

R-6641 17
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From the initial preparation of Compound C by pyrolysis of a solid com-
nl•e" it wile thou"Itl tinn÷ V2,10- might re!ýnit- frot" pyrn~ovy i. Of CIF• ol z•

the following equation:

ClI 0 -o FC1O F232

Representative results of experiments where Florox at low pressure was

passed through a Monel tube held at temperatures from 300 to 585 C are

presented in Table 5. As seen in Table 5, decomposition of CLF 0 does

nut occur to a large extont under these flow conditions at temperatures

less than 400 C. Products found at 300 C were CIF and possibly FClO2 .

TABLE 5

PYROLYSIS OF CiF 0
3

Percent Condensible Product
Florox Collected at -196 C

Temperature llccovered (as percent of Florox passed) Products
300 Not 1.5 ClF3 , FCI 2

Determined

400 99 2 CIF, CIF, trace,
Compound)

450 82 16 Clf

50O 46 54 Cif

500 38 62 FC0 2 , CIF

585 0 98 ClF, trace
Compound C

At 400 C. small amounts of CIF as well as C1F3 were found, and at higher

temperatires CIF was the main product. Two reactions yielded traces of

the unknown material, Compound C. Material balances agree with the

18 R-6641
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expected evolution of one molecule of CIF (or CIF3 ) per molecule of de- I

composed c1F3 0 according to the overall reaction.

C IF 0O----wClIF + Fr) +L

32

Possible decomposition routes involve either of the following pairs:

SCIF0--OlF + 03 3 22

CIF3 O---•lIF + F2

SClF 30___...•FI•I0 + F2

FK10 C CIF + 0

No evidence is available to elminate either of these possible routes.

Chlorine fluoride and C-O1 have frequently been found as products in
2

reactions of CIF 0. The compound FC10 may be produced in these reactions
3

as an unstable intermediate, yielding FN`lO0 and C1F according to:

2FCl0- ClF + FC101

It is possible that the free energy change in this reaction is sufficiently

small that increasing the partial pressure of ClF in the proposed equilibrium

would result in WC0.:

2FCO1- C-lF + FC10 2

R-6641 19
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A mixture of interhalogens and interhalogern oxyfluorides collected from1,-nn" previous U.xjektlts a cnd ctaining large amounts of C1F, CIF, and

FCl0,) was partially separated by fractional condensaticn. The infrared

specirum of' the most volatile fraction revealed the presence o' CIF as

well as Compound C. Continued fractionation of this volatile sample

caused a decrease in the Compound C peaks as FClO0 was removed. Readdi-

tion of the FC100 to the mixture caused an increase in the Compound C

peaks

Hoowever, a series of experiments to confirm this proposed equilibrium by

reacting CIF with FC102 was unsuccessful. During one series of experi-
ments, successive additions of FCl to FC102 failed to show the unknown

peaks. Partial pressures of C1F of from 200 to 1000 millimeters were

used with a partial pressure of FClO2 of 100 millimeters. Further

attempts using large excesses of CIF with FC102 have not reproduced the

unknown peaks at either ambient temperature or 200 C.

Another method to confirm the presence of the elusive FCI0 would be the

preparation of a derivative. If FC10 is present even at a very low pres-

sure in equilibrium with CIF and FC10), addition of F mighi form the
2

derivative, C1F0:)

CIF - FCIO): 2FC10

FClO F- 2-- CIF 30

This wculd both help to confirm the presence of FC1O and provide a new

route to ClF.0 using only CIF, FC10 2  and F2 . A reaction among CIF,

FCl0O, and F2 at ambient temperature produced only the expected undesired

product CIF while a reaction at -78 C produced no new products.
3

20 R-6641
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Reaction of ('.1)() an-d .g

The fluorination of C120 by AgF 2 has been sLudied as a possible route to
FC1O and/or CIF 30,

C100 2 gF-----FC10 - 2A;gF - CIF

C 2 0 -4AgY 2 ---- 16 OF30 4A".F + C1F

Silver difluoride was placed in a Monel reaction tube and C12 0 was passed

through it. In the initial reaction with the AgF 2 held at 100 C.. the C120

reacted completely producing Cl, (maii prcduct) and FC10 2 , Because a

subsequent flow experiment at Owbient temperature produced the same results,

static experiments at -18 and -7s C were conducted. Again only C12 and

FCl0 were found. Thus, C12 0 reacts or is catalytically decomposed by
22

AgF 2 even at temperatures as low as -78 0 yielding C1 and 0 as well as
22 2

smaller amounts of FCI 0 2.

AL(ALI UETAL FLUORIDE - C3 .0 COMPLEXES

The alkali metal fluoride complexes of Cl ,O represent a new class of com-

pounds. The stoichirmetry and structure of these compounds are of inter-

est not only because of their unique nature but also because they may

provide an insight into the paths leading to the formation of oxychlorine

flur,rides upon fluorination. A brief investigation of the potassium

fluoride-chlorine monoxide system and a more thorough investigation of

the cesium fluoride-chlorine monoxide system was undertaken to determine

the stoichiometry and stability of the complexes. The potassium fluoride

complex formed slowly at -78 C and was not stable at -43 C. The formation

R-6641 21
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ot the C;F-C1.,,9 complex occurred in as little as 6 hours at -78 C (as

determined by disappe'rance of C1,0 color) with excess amounts of CsF.

At -23 C' Clo0 vapor in contact with excess CaF was only one-third corn-

plexed after 11 hours. This observation was attributed to enhanced

solid/liquid contact, at -78 C. To investigate the .toichiometry of the

complex formed at -78 C, large excesses of C120 were stored over CaF for

several days followed by overnight pumping at -78 C to remove the uncom-

plexed C] 2 0. Experimental Cl2 0/CaP ratios of 1.52, 0,82, 0.23, 1.5, 1.42,

1.148, and 1.54 were obtained. During another run after the usual over-

night pumping to remove excess 01,0, an additional 3-1/2 days of pumping I
removed only 0.17 Cl ,2C/CsF. The complex was then warmed to room tempera-

ture evolving 1.49 Cli0,/CsF. The pressure of C1 0 above such complexes
2

was less than 4 millimeters at -23 C.

It is apparent that a slow forming complex with a C1 0/CsF ratio at or
2

near 1. is formed at -78 C. A sample of the complexes was exposed to

the air, hit with a hammer, and heated with a torch with no explosive

results.

The nature of the complexes formed from Cl 20 and CsF are still rjot under-

stood as to bonding features. Because the most stable complex, as evi-

denced by relative dissociation temperatures, has an appreciable dissoci-

ation pressure at 0 C, it would applar that the bonding involved is rather

weak. The bonds may involve an acid-base interaction through fluorine

"bridgns.

- 'ClOCl

However, the reproducible stoichiometry of CsF'l.5C12 0 may suggest com-

plex structures involving both dative FCl bonds and Cl-Cl bonds. The

22 R-6641
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CIF bonds would ari.qv from the acid-hase reaction of F and Cl-0 a.s

F shown in (a):

1Wo anions represented by (a) may be interacting with 1 mole of Cl 0 to2
give the following re~sonance structures (all being doubly charged):

P - 0 PCl -Cl - 0- Cl

Cl 0 -Cl - 0- Cl

Cl 0.C- U1-0-Cl-

F C1- 0 - I P -l 0 - Cl

0 o l Cl - U- c1

C1 0 -J, F 1 - 0 -C1 F

as well as others with the same atomic positions. The hybrid structure

may well be a ladder structure such as (b):

6- 6-
(b) F - Cl - 0 -Cl

8C - - 1

Cl - 0- Cl - F

In the absence of the composition (CsF) 2 C12 0 it would not appear that

the structure (c) is important despite the higher symmetry. As yet, no

() F -C1 - 0 - Cl F

R-664 1 23
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F-

measurements, other than dissociation pressure, have been made on the

C1.0 cumplexes. The absence of a suitable solvent has made infrared
oxamiration of little help thus far. Broad line F and Cl spectroscopy
tray yield qualitative data regarding bond type.

ATTLN£I'ED Sl.\MESIS OF oXYCHLORNhE PI'MAFLUORIDE

Attempts have been made to react fluorine with CIF 0 to synthesize C1F.0
3 :

both in the presence and absence of CsF. In a series of consecutive

reactions using only CIF3 0 and fluorine in a Monel reactor, five runs

from 70 to 284 C yielded no new species. By analogy with the fluorina-

tion of Cs-CIF•O- would be expected to provide a more suitable route to

ClFO.

Cs ClFO + F 2 - CsF + ClF.0

Experiments with increasingly vigorous conditions of temperature and

pressure have not resulted in CIF.0 or any other new compound. Conditions

used were 750 psi at 50 C, 850 psi at 100 C, and 1200 psi at 160 C for

a period of 16 hours or more. The CIF 0 was recovered essentially

unchanged from the Monel reactor in each case.

Another possible route to CIF.0 is the direct fluorination of CIF O by

KrF2 (Ref. 8) at low temperatures. The possible utility of this reaction

is indicated by the recent report of the preparation of ClF P from CIF3

and FrF, (Ref, 9).

CIF KrF + Kr
3 Kr 2 -. 5

ClF 0 KrF @-CIF- O + Kr
3 2

24 R-6641
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Good mixing of" the reactants can only be achieved at temper atures above 2

-65 C, the me tint r po int of C1 F. . I n three reac t ions, the materials woert

allowed to warm up together from that temperature to ambionnt temperaiulre i

over several hours. No evidence was found, however, for the formation of

any new materials. The KrF,0 under-went smooth thermal decomposition to Kr

and F,,, and some CIF contaminant w-as partially converted to ClFs; the

CLF 0 was recovered quantitatively.

A NXLW SYNTHESIS OF Cl 0

Because of the increased requirements for Cl 20 as an intermediate in sev-

eral preparations essential to this work, an improved synthetic route was

desired. The presently accepted, and indeed the only proved method of

preparing Cl 0 is via the ambient temperature flow reaction of nitrogen-

diluted chlorine and freshly prepared yellow HgO (Ref. 10). This procedure

is rather tedious and generally gives 85-percent C1 2 0 (15-percent Ci,) with

60- to 70-percent conversion of the HlgO according to the following reper-ed

reaction.

211g0  
2C-,)---C120 - IhgO'lgC12

It has been found that the static reaction of IlgO and Cl. at -80 C, using

either the above st.oichiometrx- or excess HgO, produces hindl-puriy IY 2 cl

in good yield with minimal effort. Furthermore, it has been established

that under these conditions at least, the stoichiometry of the reaction

approaches:

IHgO - 2C10-- C120 + [gCl0

when the Cl :1gO ratio exceeds 2:1. The results from some represen•ative

preparations are presented in Tables 6 an( 7. The Cl 20 yields are for
purified material after removal of the Cl2 impurity.

R-664] 25 2 5
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TABLE 6

CON'TNUSION OF Cl,2 TO C100 MSED ONs
2 1[ g0 + 2 C 1 2 = C2112 0 + ; 4 -ro 'I 1ý 'C l 2

(11gO in excess)

HgO:Clo, hg 0 , l 2, C12 0 Yield,
mole ratio millimoles nijlimoles percent

1:1 9.1 9.06 100

1.08:1 281.6 260.8 79

1.•; 1 27. 84.3 79
2:1 18.2 9.06 77

2:1 18.7 9.33 80

4: 1 37.4 9.33 70

TABLE 7

CONVAELSION OF HgO TO Cl 0 BASED ON
2

HgO 2 = C120 - HgC1 2

(Clo in excess)

Itgo, C12 0, C1 2 0 Yield,

millimoles imillimoles percent

169 119 70.4

229 129 56.3

2-77 225 81.2

933 187 80.2

193 184 95.5
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Thus, The technique usinrg excesRA chlorine gave maximum utilization of the

UgO and achieved nearly quantitative conversion of the oxygen of igO toICl 0, Other pertinent advantages of this method were -ts simplicity and

safer handling for gross quantities of the explosive C1 0. Because the
2

dispersed Cl 0 was drawn off as required from the mercury salte-Cl 0
22

reactor, The need to handle large volumes of liquid C100 was eliminated.

The exact uechanism by which Cl 0 is formed from HgO and Cl is not corn-
2 2

pletely understood, It is known, however, that Cl 0 was not all present
2

as free material when in contact with the mercury salts at -80 C. This

was demonstrated by the lower vapor pressure (2 millimeters) exhibited

under these conditions than that shown by pure C12 0 (6 to 8 millimeters).

Moreover, it was not possible to remove all the C1,0 by pumping on the

mixture at -80 C. Only 50 to 60 percent was evolved at that temperature,

the remainder being obtained on warming the reactor to ambient temperature.

X-ray powder analysis of the solid product formed by this reaction using

excess Cl2 showed only lines corresponding to HgCl12. Although the possi-

bility of amorphous or isomorplous mercury compounds exists, apparently

the only important reaction under these conditions yields HgC12.

The possibility of a complex betveen IlgC1 2 and Cl20 was investigated but

no reproducible complex formation or reaction was found. The unusual

behavior of the solid product observed (i.e., turning brown and evolving

small amounts of Cl 2) may be attributed to products formed in amounts

too small to be observed by simple X-ray powder analysis.
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B FLUOR IN-AT I-ON OF 9 z-O-X CO.LpOn-DS

The s'ttesis of oxybromin(- fluorides was attempted using Br 2 0 and Br2N0

This work was based on die analogous, proven C120 and C1ONO2 reactions

which yielded Florox. Fluorination of alkali fluoride complexed Br 0 at
2

-50 C gave as volatile products, BrFV, unreacted Br 2 0, and traces of

unstable, unidentified material. U'hile it was anticipated that the sought

Br, F, 0 compounds might remain as complexed solids after the fluorination,

pyrolysis up to - 400 C did not yield any new products. The failure of

this reaction may be caused by the inherent instability of the starting

material or thermal degradation of the desired products upon pyrolysis.

Bromine nitrate (Ref. 11) offers two possible advantages over Br 2 0 as an

intermediate in The proposed synthesis of oxybromine fluorides. It is

reported to be more stable than Br 2 0, decomposing near 0 C vs approximately

-40 C for Br 2 0 (Ref. 12). Also, based on the high yields of Florox

obtained by fluorination of uncomplexed CM0N0O, the analogous application

of BrON0 can be expected to give similar results while eliminating the

necessity of complexirg the desirable products.

The synthesis of BrOXO was conducted according to the reported procedure

(Ref. 11).

Br 2 Cl1 so 213rCl

BrC] - ClNO.. -BrX0 Cl
3 2

Yields were very low and in fact, usually zero. Because of the sketchy

characterization of this matcria] in the literature, no direct evidence

for its presencP (i.e., infrared spectrunm or melting point) was sought
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on the .inail A1nf. aro TtIMrhgilfh +io heive been form~ed b- this rcact ion. ht

ever, fluorinationg yielded no new material and the acTual presence of

Br'O3 was s uspect. Bromine pentafluoride was the only Br-containing

material observed.

A new route to BrN0 was derived which involves the reaction of INO and
33

BrP 5 or BrF 3 ' This reaction produced a colorless liquid which decomposed

slowly at room temperature. Thus it was possible to obtain an infrared

spectrum of the material and observe its vapor-phase decomposition. The

reported 0 C decomposition is as follows:

2BrONO ----aBr - 0 V
2 2 2 2

However, this vapor sample was observed to decompose according to the

following stoichiometry.

2Br01NO 2----tBro T 1/ 25 N 0

Approximately 50-percent decomposition occurred in 15 hours at ambient

temperature. The infrared spectrum of the crude material showed strong

absorptions at 5,9, 7.75, and 12.5 microns, representing reasonable

shifts from the infrared bands of the analogous FNO and CINO.. compounds.
3

(The infrared spectrum of BrNO 3 has not been reported in the literature.)

Fluorination at -80 C resulted in no reaction, the BrN'O being recovered.
3

This may have been caused by too low a temperature or the inhibiting

effect of impurities present (IN03 N 050 FN0 ). Reactions at higher

temperatures are proceeding with efforts to purify the BrONO2

R466' 1 2)9
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HREACTION" Of AsF. AUND C10

As part of the effort to examint various single bonded CL-O species as

possible precursors to oxychlorine fluorides, an investigation of the

reported compound, C10.AsF. (Ref. 13) was initiated. The reactions3

reported in the literature, together with the proposed fluorinations,

are as follows:

C10 0 - AsF. -SO Ca-Cl 20AsF.

Cl20"AsF- 1i/2 C! CIO"AsF-
2 DI 2

CIO.AsFP +_ F2  T_ FCI i'l0 - AsP..
53 3 3

At the outset of this work it was noted that there is a literature dis-

crepancy with regard to the infrared spectrum of AsFs. Samples of AsF.

(Ozark-Mahoning) gave an infrared spectrum nearly identical with that

ren, rted for "AsOFi, rather than AsF_ (Ref. 14). But thee vendor

samples also gave the same infrared spectrum as that obtained for AsF 5

according to the unpublished thesis of L. K. Akers (Ref. 15). To estab-

Jislh the character of the supplied material, a vapor phase molecular

weight determination was made. This gave a value of 169.7 gram/mole vs

169.9 for AsF_ and 147.9 for AsOF.. The mass spectrum of the material))
shewed it to be 90-percent AsF_ with approximately 10-percent As, 0, and

5
F species. Because a vapor-phase chromatogram showed only one component,

it appears the sample was pure AsF. The As, 0, and F impurities

undoubtedly arose through reactions of the AsF. with an incompletely dry

glass inlet sys-tem of the mass spectrometer, because 1F and SiF were
4

also found in the mass spectrum.
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tlh irn f ra rdipc'1ur r2:*lin o 1, ftcrcon tAlv i's1seh re Miira'spc
trum for "AsOFI' (Ref. 14) consists of AsF. and the background produced
on XaCl infrared cell windows after contact with AsF-. Finally, Mitra's•

infrared spectrum for AsF_ is identical in all respects with this window
background band only (7:9m1.This was ehown experimentally and ii is

probable that this band is attributable to an AsF 6  species. For example,

K'AsF6- salt (Ref. 16) has its strong band at 694 cm vs the 703 cm

observed for this peak.

The reaction of C12 0 and AsF- when examined at -80 C did not proceed as
22

indicated in the literature (Ref. 13). Mixing the two reactants at -196 C

and warming to -80 C resulted in the formation of a dark red solid, which,

over a period of several hours became almost black. Pumping on the solid

at this point resulted in the evolution of much Cl2 (with little or no

-196 C noncondensibles observed).

This Cl1 represents more than half that in the original C1 0. Further

warming to ambient temperature caused additional evolution of small amounts

of C)2 and CO 2. hlien excess CI 2 0 was used, no AsF 5 was recovered in the

volatile phase. Remaining at room temperature was a white solid which

exhibited two infrared active bands at 7.9 and 14.6 microns, regions

characteristic of CI=O and As-F absorptions. The sulid fumed in moist

air and exploded on contact with acid KI. Fluorination of the reaction

mixture from which only part of the C1 was removed gave the same -white
2

solid product on workup. Whien heated, the solid liberated C10 and AsF_.
2

Present evidence, therefore, indicates that the material is probably
4-I

C1O 2 "AsF or C10 2I AsF6 -. The latter appears most likely, especially in
view of recent findings in somewhat related systems wherein redox of the

oxygenated species occurs on reaction with fluorinated complexing agents

(Ref. 17 and 18).
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I{
3N2 8BF. F - 3N0o1BF1. ., 3NOBF1, + B0 ,0'

I-,o 12 AsF. -- • --,,00oF - 9-0BF
4 4 2

A similar reaction in this system might be:

25C100 + l0,ksF- -a.20 0l12 0 Cl~o AsIF- + As205

Thifs could account for the high C12 gas values observed, the oxidizing •

nature of the solid and its simple inrrated spectrum and thermal decompo-
sition. The alternate synthesis using FCIO2 and AsF_ will be carried out

2
in an attempt to prove the identity of the solid,

To ascertain the generality of the Cl90 reaction with Group V fluorides,

.F_ compounds such as PF_ were examined. It was found that only a wealk

interaction occurred. The CI,)O gradually decomposed to CIO and C1, and
2 21

some of the PF5 was converted to POF Nn new materials were obtained.
5 3'
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EXPERIEnTAL DETAILS

Fluorination of Cl 0
2

Oxychlorine triflaoride, C1F 3 0, was synthesized by fluorination of C120

at -80 C in the presence and absence of added alkali metal fluoride. Suc-

cessful synthetic runs were also carried out at -45, -22, and 0 C. In

most cases the reaction was conducted in a 300-milliliter stainless-steel

cylinder previously paesivated by exposure to a minimum of 1 atmosphere

of flaorine for a period of at least 16 hours. Chlorine monoxide and

fluorine were introduced into the reactor by distillation in vacuo and

allowed to react for several days to several weeks. Separation of the

C1F 3 0 product from side products was achieved in all cases by fractional

condensation. Excess fluorine and any oxygen produced passed -196 C. The

next most volatile side products were FCl02 , ClF, and Cl 2 and were removed

by passage through a cold trap at -95 C with the CIF 0 being retained.
3

Chlorine trifluoride was partially retained at -95 C; therefore, removal

of ClF, was achieved by repeated passage through a trap held at -80 C,

with some loss of C1F 3 0. In preparations using CsF, RbF, and possibly

KF, pyrolysis of the nonvolatile solid complex yielded additional ClF 0.

Fluorination of ClNO3

Preparation of Florox from CINO was accomplished in much the same manner
3

as that using C12 0. Complexing where CsF was present, however, could be

conducted at either -80 or -18 C. Work-up of the product was by the

identical procedure stated previously.
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Fluorinationi or Mercury Salt-Cl0 Complexes

Yellow ligO and C1,0 were allowed to react and complex at -80 C for 1 day

or longer. Fluorine was then added at -196 C and the reaction was then

allowed to proceed at -80 C for several days. Vacuum fractionation was

then ucod to isolate the products which were mostly CIF and FClO0 with32
some COF. Oxychlorino trifluoride when found was in low percentage

yields and occasionally also some of the suspected FC1O was obtained.

Electric Discharge Fluorination of M1O0

Solid C100 was frozen at -196 C near the bottom of a U-shaped discharge

tube. During discharge, F.) was circulated in a closed-loop system (Ref. 8)

at 20-millimeter pressure until 5 mole/mole of Cl 0 was consumed. Product
2

work-up was by fractional condensation techniques, as described previously.

The amount of CIF 30 obtained was of the order of 1 to 2 percent.

The C1F 3 0 used for the vapor pressure-temperature measuremente (Table 8 )

was purified by repeated fractional condensations, The material was water-

white and free of any impLrities detectable by infrared spectroscopy run

at high pressures. Approximately 300 cc of gaseous CIF 0 were utilized
3

for the measurements which wore conducted in a 71--cc vNlume apparatus.

This was constructed entirely or stainless steel and incorporated a

stainless-steel Bourdon tube pressure gage.

Fluorination of Sodium Chlorito

Three grams of sodium chlorite (Matheson, Coleman, and Bell)wole added to

a 300-milliliter stainless-steel bomb. One liter of fluorine was added

by condensation in vacuo at -196 C. The bomb was then allowed to warm to
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TABLE 8

VAPOR PRESSL'RE-TEMPERATURE DATA FOR IF 0
3

(Equation: loglO p(mm) 8.433 - 1680/T)

Observed Pressure, Temperature,
mill imeters K

822 304.9

635 298.1

525 294.3

410 288.6

314 283.0

253 27•.9

200 273.2 :

98 260.6

14.5 250.1
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ambient temperature. Products after 66 hours at ambient were C1F Cl1
3' 2'

CIF, much smaller amounts of Compound C, and possible. traces of C1F 0..

Another run was made by adding an additional 10 grams of NaCI0 2 to the

bomb. Two liters of fluorine was added at -196 C, and the bomb was warmed

to -80 C for 16 hours. Volatile products were Cl2 , FC10.o and ClF 3 0.

Pyrolysis of the solids remaining in the bomb produced no additional

materials.

Additional reactions using both gaseous F2 at ambient temperature and

22-80 C, and liquid F 2 initially condensed at -196 C and subsequently warmed,

produced no additional CIF 0 or Compound C.
3

PREPARATION OF C1 0
2

Yellow HgO was freshly prepared by the reaction of mercuric chloride and

sodium hydroxide solutions. After drying and powdering, HgO was loaded

into small glass ampoules together with appropriate amounts of chlorine.

The closed, evacuated ampoule vas kept at Dry Ice temperature at least

overnight, although longer reaction periads were beneficial rather than

detrimental to C120 formation. Very pure Cl 0 was obtained if HgO was
dermna oC 2  2

in excess, while better utilization of the oxygen of HgO was achieved if

chlorine was in excess. Impure C1 00 was upgraded by trap-to-trap distil-

lation using carbon disulfide slush (-112 C) and liquid nitrogen baths.

The purity and identity of the product was established by its infrared

spectrum (Ref. 19), vapor-phase chromatography and vapor pressure.

With the earlier dynamic method it was necessary to use freshly prepared

yellow HgO. However, it was determined that the static method is effici-

ent enough to permit the use of commercial yellow HgO. 'hile the yields
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of CloO are not quite as high as thoee achieved with the fresh HgO, they
are nevertheless quite good; i.e., 90- to 97-percent C12 0 u~sing eitht, r

1:1 or 2:1 IHgO to C12 mole ratios. This compares to 95'3m percent with

fresh HlgO. Using the flow technique, the commercial materi3l products

only a 20- to 25-percent conversion of the Cl2 to C120. Therefore, if

desired, the preparation of fresh HgO may be avoided with only minimal

loss of efficiency in the conversion using the static technique.

PREPARATION OF ClNO3

Chlorine nitrate was prepared by allowing roughly equimolar quantities

of C12 0 and N20 or N 0- to react in evacuated glass ampoules at -80 C

overnight or longer. Residual C1 0 indicated by its red color was con-
2

sumed by allowing the reaction to proceed briefly in the vacuum line at

ambient temperature. The CiNO0 produced was purified by vacuum fraction-

ation and identified by its infrared spectrum (Ref. 20) and vapor pressure

(Ref. 21).

LOW-TEPLE-ATURE DNFRARED CELL

The low-temperature infrared experiments were determined in ii simple,

infrared cell which was constructed as described elsewhere (llef. 0).

The completed assembled cell fits conveniently into a Perkin-.lmnir 137

Infracord spectrometer and has a coolant capacity of 2 liters. It cau

be used at temperatures as low as 77 K and is relatively easy to use with

slush baths because the cooling flask is insulated with 3-inch solid

foam. The inner window of AgC1 fits into a copper optic:al blank holder.

The body is glass and is fitted with two outtside AgCI windows.
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F1 nro~x eompl (,we up •'rp pro f nr'md i m a mof-ri vnenum li inr nnd .nndoenood witi

li. tinni, AgC1 window at -190 C 6Y meian of i copper entrance tube dircetpd

iit the windnw.

Dissociation pressurc-temperature data for FNO.CIF 0 and SiF, .2C1F-0 are

presented in Tables 9 and 10(

TABLE 9

DISSOCIATION PRESSLSTW-TMPERATUPRE DATA FOR rN0OC1F 0

(Equation: loglo p(=m) - 8.471 - ý625/T)

Observed Pressure, Temperature,
millimaters K

435 278.6

340 273.2

97 250.1

25 228.1

TABLE 10

DISSOCIATION PIZESSUL1tf-TLkfPF1UTLTT DATA FOR SiFI *2CIF 0

El'q t i ,,a t, i i i o 1 ( g , ( m m ) 7 , 5. - 1 % 5' " -

Observed Pressure, Temperature,
mi 11imeter.- K

I O290.0

138 278.6

150 2715.2

50 250.1
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PREPARATION OF KrF2

Krypton difluoride was prepared by circulating an approximately 1:1 molar

mixture of Kr and F2 through an electric discharge reactor cooled to25

-196 C. Thp apparatus and technique are nearly the same as that reported

in the literature (Ref. 8). Changing the temperature of the discharge

tube to -80 C resulted in no reaction.

PREPARATION OF BrNO0

Bromine nitrate was prepared by allowing excess anhydrous INO3 and either

BrF. or BrFY to react in a Teflon container under vacuum at 0 C. Partial

purification was achieved through fractional condensations at 0, -45, -80,

and -196 C. Pare BrNO was not obtained but the presence of the desired

material was determined by infrared spectra of crude samples. The decom-

position products formed at ambient temperature confirmed the presence

of a bromine nitratze species.

RFACTION OF Cl]0 and AsF5

The interaction of these materials was conducted in Teflon-metal containers.

A slower reaction with less side products was noted at -80 C, but even at

-65 C the basir: course of the reaction remained unchanged. For approxi-

mately 2:1 mixtures of Cl 20 and AsFV, the Cl2 liberated was generally of

the order of 80 percent of that contained in the Cl 20 used. Chlorine was

identified by its vapor pressure, vapor-phase chromatography, and its

lack of infrared absorptions. The small amounts of C1O formed were
2

identified by infrared examination.

R-6641 39
CONFIDENTIAL



-......- - .CONFIDENTIAL "

A OIVIS!ON Oý NORTH AMLRICAN AVIATION INC

REFER'CES

1. R-6258, Annual Summary, Report, Inorganic Halogen Oxidizers,

Nonr 4i•28(00), Rocketdyne, n Division of North American Aviation,

Inc., Canoga Park, California, 30 July 1965, CONFIDENTIAL.

2. Schmeisser, M. and K. Brandle in "Advances in Inorganic Chemistry

and Radiochemistry," Vol. V, Academic Press, New York City, 1963.

3. R-5883-2, Inorganic Halozen Oxidizers, Nonr 4428(00), Rooketdyne, a

Division of North American Aviation, Inc., Canoga Park, California,

30 November 1964, CONFIDEN•IAL.

4. iR-6147, Final Report, Physico-Chemical Characterization of High

Energy Storable Propellants, Rocketdyne, a Division of North American

Aviation, Inc., Canoga Park, California, 14 May 1965, CONFIDNTIAL.

5. PCC-8518-QR-12, Synthesis of Inorganic Oxidizers, Pennsalt Chemical

Corp., King of Prussia, Pennsylvania, 1 March 1966, CONFIDENTIAL.

6. PCC-8518-QR-8, Synthesis of Inorganic Oxidizers, Pennsalt Chemical

Corp., King of Prussia, Pennsylvania, 1 March 1965, CONFIDENTIAL.

7. Whitney, E. D. et al.: J. Am. Chem. Soc., 86, 2583 (1964).

8. Schreiner, F. et al: J. Am. Chem. Soc., 87, 25 (1965).

9. Malm, J. G.: !resented at the International Symposium on Fluorine

Chemistry, Munich, Germany, September 1965.

10. Cady, G. H. in "Inorganic Synthesis," Vol. V, McGraw Hill, New York,

1957, p 156.

11. Schmeisser, M. and L. Taglinger, Chem. Ber., 94, 1533 (1961).

12. Schwarz, Ii. and H. Wiele: J. prakt. Chem., 152, 157 (1939).

R-641 41

CONFIDENTIAL



CONTFIDENTIAL

S"curity ClassificationI, ~a~v~y I..i~i~fl~:fDOCUMENT CONTROL DATA -R&D- . J
a 1off-i~ 3aK C uJtI TY C L AsipI rI C AIONRockutdvne, a Division of North Aimerican Aviation, CONTIDENTIAL

Inc. , 6633 Canoga Avenue, Canoga Park, California 126 GROUP

R EPORI TILF1

INORGANIC HALOGEN OXID)IZERS

4 OESCAIP~IrVE NOYES ifyies at reort ad jInac v U i.
Annual Summary (29 May 1965 th rough 28 May 1966)

5 AUYhiOR(S) (Last name. fift mm, initial)
Pilipovich, D.; Lindahi, C. B.; Bauer, FT. F.; Schack, C. J.

-- ME PON OA YF7 OA NO. OF PA40:9 140 JOf ORP 's4

31 July 1966 -7. 21
66. CONTRACT ON GRANT NO. to ORIGINATOR'S REPORT NLJtSSNf(SJ

Nonr 4i42800) R64b. 0-14JICT NO. 1 64
ARPA Order No. 23 tb~~Am .. 1.

96 I T'I IsTOS_(nyoter__ _ _ _ _ _ _ __aybeasi~e

10. AVAIL AUILITY/LIMIYATtON NOTICES

11. SUIPPLEMENTARY NOTES fia SPONSORINO MILITARY ACTIVITY

Advanced Research Projects Agency
Washington, D.C.

13 ASSTRACT Oxychiorine trifluoride (ClF3o) has been synthesized in excellent yields
by the fluorination of either C12 0 Or CiNO Lse mut fCFOrsle
from electric discharge fluorination of s id Cl2 0 and -the simple f1fuorination
of NaC1O2 , and of a mercury salt C120 complex. Basic physical properties and
--inaly-tical data for CIF 30 were determined. The compound has a boiling point of
29.4 ±1.0 C and a melting point of -66 ±1.0 C with a density of 1.90 Z±0.03 gjccat 25.5 C. The vapor pressure- Itemperature equation from -22 to 32 C is dkscribed
by logl0p(mm) 8.43i - 1680/1T. In addition, CIF 3O showed good thermal stabilitý
in Monel. On several occasions, pyrolysis of the solids from fluorination of th(
CsF.C1 20 complex yielded traces of an unknown species (Compound C) which may be
FCIO. Alternate syntheses were sought to achieve enhanced yields of Compound C.
Alkali metal fluorides were found to complex with C120. These represent a new
class of compounds. The most thorough investigation was with CsF where a
stoichiometry of CsF'1.5Cl2 0 was established. Possible bonding schemes are
discussed. The preparation of ClF5O was attempted by reaction of F2 with CIF. 0
in the presence and absence of CsF and also by reaction of KrF2 with ClF3 O.A Limproved procedure was developed for the synthesis Of C120. Maximum conversion
of the starting materials results according to the equation: 2ClI--HgO - C120 +HgCl2. Improved techniques were developed for the formation of BrN03. Bromine 1
nitrate and lBr9O were employed as precursors in attempts to produce oxybromine

*fluorides. The reaction Of C120 and AsF- was examined and found not to proceed
as indicated in the literature Oxidat'o~i and reduction of the C190O occursifivinff Clo and probably C109+ AsF6-. (C)-ssesDD F ORIM I

D ,JA. *'47 CONFIDENTIAL
Security Classification



U- - ._ _ z ---- -

C ONT DETW AL LLSecurity Classification . .. ..

r I f -L V,

Oxidizers I
Halogens -

Chlorines

Fluorination

:i

INSTRUCTIONS

1. ORIGINATING ACTIVITY: Enter the name and address imposed by Security Classiflcation, using standard statements
of the contractor, aubcontrattor, grantee, Department of De. such so!tense, activity or other organizatiLon (corporteo author) issuing (1) *"Qualified requesters may obtain copies nf this
tho report, report from DDC."
2*. REPORT SECURITY CLASSIFICATION: Enter the over- (2) "Foreign announcement and diesemination of this
all security clsssification of the report. Indicate whether
"Restricted Data" is included, Marking Le to be in accord- report by DDC is not euthorie,"mics with appropriate security regulatlions, (3) "U. S. Government agencies may Obt@in co les of

this report directly from DDC. Other qualified DOC2b. GROUP: Automatic downgrading is specified in DOD Dli users ahall request through
rective S200, 10 and Armed Forces Industrial Manuel. Enter
the group number. Also, when applicable, show that optional
markings have been used for Group 3 and Group 4 as author. (4) "U. 1. military agencies may obtain copies of this
iead, report directly from DDr, Other qualified users
3. REPORT TITLE: Enter the complete report title in C41 shall request through
capital letters. Title& in all cases should be unclassified.
UL a meaningful title cannot be selected without clessifica.
tion, show tlUe classification in all capitals in parenthesis (3) "All distribution of this report is controlled. Qusl-
immediately following the title. ified DDC users shall request through
4, DESCRIPTIVE NOTE& If appropriate, enter the type of ,__ _ _report, eg,, interim, progress, summary, annual, or final. If the report has been furnished to the Office of Technical
Give the inclusive dates when a spetific reporting period is Services, Department of Commerce, for sole to the public, indi-covered. cats this fact and enter the price, it known.
S, AtYrIHKR(S): Enter the name(s) of author(s) as shown on It. 9UPPLEMENTARY NOTES: Use for additional esplsna-
or In the report, Enter test name, first name, .riddle, initial. tory not*&
If military, show rank and branch of service, The name of t o
the principal dithor is an absolute minimum requirement. 12. SPONSORING MILITARY ACTIVITY: Enter the name of

the departmental project oftice or Ilboratory sponsoring (par.6. R&PORT DATr'- Enter the date of the report as day, in& lot) the research end development. Include addroessmonth, year; or month, yoe. It more than one date appears 1
on the report, use date of publication. 13 ABSTRACT: Itnter an abstrct giving a brief and (actual

summary of the document indicative of the report, even though7a. TOTAL NUMBzR or PAGES: The total pose count it may aleo appear elsewhere in the body of the technical re.should follow normal pagination procedur•s, La.e, enter the part. If additional space is required. a continuation shoot shall
number of pages cor.taining inlormetion. be attachedd
7b. NLI'UsER OF REFZRE9NCES Iter the total number of I It is highly dielrable that the abstract of classified reports
references cite. Ln the report. be uncleslftied. LEch paragraph of the abstract shell end with
Ga. CONTRACT OR ORANT NUMB•R: If eppropriate, enter en Indication of the military security classification of the in.
the applicable number of the contract or grant under which formation In the "qrpagrph, represented as (TS). (si. ec). o, .t/J
the "Oert was written. There to no .ritation on tie length of the ebstrect How-
Sb, 4:, b Sd. PROJECT NUMBER: Enter the appropriate ever, the suggested leng'th lIs from 150 to 225 words.
m~iLtay depa.'tment identification, Such as project number,subpmoijct number, system numberst , task number, etc 14. KEY WORDS: Key words are technically meaningful terms

short phrases that characterlse a report and may be used as
go. ORIGINATOR'$ REPORT ,IVMBKR(S)i Ente the otfc. tnd. sntries for cataloging the report, Key words must be
lale report number by which the document will be identified selected ou that no security classification is required IdenU.

and controlled by the originating activity. This number must flera, such so equipment model designation, trade name, military
be unique to this report. project coie name, gographic location, may be used as key
9b. OTHER REPORT NUMER(S): If the report has bean -,words but will be tollowed by An Indication of technical con.
assige` d any other report numbers aelrtho, by the oiinaor I test. The assignment of link@, rules, and welghts is optional
or by the sponrorg), also enter thie number(a).
10. AVAILABILITY/LIMIT4TION NOTICEM Enter any limro
itatlions on further dissemination of the report, other than those 11

Secur IitEa I fll
Security Classification


